Background: Ankyloglossia is a condition of altered tongue mobility due to the presence of restrictive tissue between the undersurface of the tongue and the floor of mouth. Potential implications of restricted tongue mobility (such as mouth breathing, snoring, dental clenching, and myofascial tension) remain underappreciated due to limited peer-reviewed evidence. Here, we explore the safety and efficacy of lingual frenuloplasty and myofunctional therapy for the treatment of these conditions in a large and diverse cohort of patients with restricted tongue mobility.
INTRODUCTION
Ankyloglossia is a condition of altered tongue mobility due to the presence of restrictive tissue between the undersurface of the tongue and the floor of mouth. 1 Restricted tongue mobility may be caused by a short mucosal lingual frenulum and/or by submucosal myofascial fibers of the underlying genioglossus muscle that are fibrosed and impair optimal oral functions. 2 Ankyloglossia may also be attributed to scar tissue from a prior surgical procedure or other trauma.
The un-tethered mobility of the tongue is required for optimal speech, chewing, swallow, oral hygiene, and breathing functions, 3 as well as for development of the maxillofacial complex and upper airway. 4, 5 Because the tongue plays such an important role in so many functions, restricted mobility of the tongue muscle may lead to dysfunctional compensations that may negatively affect nasal breathing and snoring due to low tongue posture or contribute to chronic stress on the other muscles of the head and neck. The tongue is directly connected to the hyoid bone and has connections to the whole body (through the fascial diaphragms all the way down to the feet) through webs of connective tissue known as fascia. 6, 7 A restrictive tongue may place tension on the deep front line of fascia (among other connective tissue networks) and contribute to neck tension, pain, and postural dysfunction. 8 As such, compensations for ankyloglossia may contribute to a wide variety of issues presenting as oromyofascial dysfunction.
Potential implications of restricted tongue mobility (such as mouth breathing, snoring, dental clenching, and myofascial tension) remain underappreciated due to limited peer-reviewed evidence. 9 It is also worth mentioning the unfortunate lack of clinical studies pertaining to safety and efficacy of the various treatment modalities for ankyloglossia. While there are numerous methodologies that might be considered or applied for the treatment of ankyloglossia, the purpose of the present study was to explore the safety and efficacy of lingual frenuloplasty and myofunctional therapy in a large and diverse cohort of patients with restricted tongue mobility.
METHODS

Study Design
Retrospective cohort study involving 348 of 420 consecutive patients who were treated with lingual frenuloplasty and myofunctional therapy. Presenting complaints included one or more of the following symptoms: mouth breathing (n = 226), snoring (n = 151), dysfunctional swallow pattern (n = 130), clenching (n = 44), and/or myofascial pain or tension (n = 151). All procedures were performed by a single surgeon (S.Z.). The study involved a retrospective chart review and telephone survey of patients treated between March 12, 2016, and May 2, 2018. Verbal informed consent was obtained to participate in the survey. The study was performed as part of Stanford University IRB Number 6208, Protocol # 36385 approved on January 25, 2016.
Inclusion and Exclusion Criteria
Patients older than 2 years of age were included. Patients who underwent other adjunctive surgical procedures (such as adenoidectomy, tonsillectomy, or nasal surgery) were excluded. Non-English speaking patients were also excluded. During the time period of the study, 446 patients in total underwent a lingual frenuloplasty in conjunction with myofunctional therapy, among whom 420 met the inclusion criteria for participation in the study. Myofunctional therapy was a prerequisite to surgery for all patients. This cohort study does not account for patients who were referred for myofunctional therapy but did not pursue or require surgical treatment.
Treatment Protocol-Myofunctional Therapy
Orofacial myofunctional therapy (also known as orofacial myology) has been used for many years to repattern maladaptive oral habits (such as prolonged thumb-sucking, nail biting, tongue thrusting, and open-mouth at rest posture) among other objectives. 10 More recently, myofunctional therapy has been demonstrated as a potentially effective treatment option for sleep-disordered breathing. [11] [12] [13] [14] However, restricted tongue mobility may interfere with the goals and limit the efficacy of myofunctional therapy. Patients with ankyloglossia may experience difficulty protruding, lateralizing, and most importantly elevating the tip or body of the tongue. Such functional impairments in the mobility of the tongue may prove a barrier in achieving tongue-to-palate contact necessary to create the "suctioncup" effect that holds the tongue in place and prevents it from falling into the pharynx at rest.
Patients included in this series were required to complete at least 1 month of preoperative and encouraged Additional supporting information may be found online in the Supporting Information section at the end of the article. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. Editor's Note: This Manuscript was accepted for publication on July 9, 2019 Conflict of Interest: The authors here report results on a surgical and myofunctional therapy technique for which they do not have any conflicts of interest outside of clinical practice, advocacy, and promotion of education in this field. to follow-up with at least 2 months of postoperative myofunctional therapy. The goals of preoperative therapy are to create awareness of oral posture and tongue functions, strengthen and tone the muscles of the tongue and orofacial complex, and rehabilitate compensation patterns that may affect the postoperative recovery (e.g., floor of mouth elevation, muscular neck engagement, and inability to perform isolated movements with the tongue without moving the jaw). Postoperative myofunctional therapy for lingual frenuloplasty provides individualized care for the patient to optimize recovery and healing after surgery by providing guidance with passive and active wound stretching, as well as strength training and pattern retraining exercises for the tongue and orofacial muscles. Myofunctional therapy often continues for 1 year or longer to prevent relapse of dysfunctional oral motor habits, promote exclusive nasal breathing, and ensure long-term habituation of ideal resting oral posture. The myofunctional therapy protocol in this study was not standardized across patients and, in some cases, incorporated bodywork, craniosacral therapy, and/or myofascial therapy depending on the clinical circumstance. Proposed guidelines for collaboration between surgeons and therapists in the treatment of ankyloglossia among children and adults are given in Supporting Information.
Lingual Frenuloplasty with Scissors and Suture Technique
Lingual frenuloplasty helps to optimize the efficacy of myofunctional therapy by improving tongue mobility. Local anesthesia is achieved by applying topical viscous lidocaine followed by 0.5-1.7 cc of 1% lidocaine with 1:200,000 epinephrine to the lingual frenulum via a 27-gauge needle. The patient is instructed to open the mouth and hold the tip of the tongue to the incisive papilla behind the maxillary central incisors to reveal tension to the lingual frenulum band. Tension is applied to the floor of the mouth with a groove director so as to protect the floor of mouth salivary glands. A hemostat is used to clamp the restrictive lingual frenulum 2-5 mm above the attachments of the submandibular gland duct. The mucosal frenulum is gently excised with the use of 120 mm Baby Metzenbaum or Iris scissors (curved or straight tip). The median lingual septum (fascia between the two head of the superior branch of the genioglossus muscle) is identified and dissected. The underlying myofascial fibers of the genioglossus muscle are dissected further with a combination of blunt and sharp dissection. Sterilized blunt cotton-tips and manual palpation with 2 × 2 sterile cotton gauze are used for blunt dissection. The patient undergoes an assessment intraoperatively to determine the presence of residual restrictive muscle or fascia bands that are restrictive of tongue mobility. The dissection is continued until adequate improvement to tongue mobility is achieved: that is, tongue could be extended up toward the maxillary central incisors in maximal mouth opening position as well as held in lingual-palatal suction against the entire anterior and posterior aspects of the roof of the mouth without tension or strain. For cases performed under general anesthesia, a 2-0 silk suture is applied and used to mobilize the tongue for similar movements. Simple interrupted 3-0 or 4-0 chromic sutures are used to close the diamond-shaped mucosal defect and promote healing by primary intention healing. There was no use of electrocautery, silver nitrate, or thermal ablation with laser in this scissors and suture technique for lingual frenuloplasty. Hemostasis was achieved with suture ligation techniques and/or application of 2 × 2 gauze until bleeding subsided. No antibiotics were prescribed or administered postoperatively. Patients were recommended oral rinses with salt water or nonalcoholic mouthwash three times daily for 1-2 weeks after the procedure; some patients also elected to use vitamin E oil or colloidal silver spray. Pain control regimen included application of topical 2% viscous lidocaine, ibuprofen, Tylenol, and/or narcotics such as tramadol, hydrocodone, or oxycodone (as needed for more severe pain). Some patients elected to use homeopathic (such as arnica) or holistic remedies (turmeric, ginger, and cannabidiol oil) for analgesia instead of the other more routine allopathic medications. Sutures usually fell out within 2-10 days. Gentle brushing of the wound after 5-7 days to debride granulation tissue with a soft surgical toothbrush (Curaprox C Surgical Mega Soft) was found to be helpful.
Survey
Surveys were conducted at least 2 months after the frenuloplasty procedure in a structured interview format incorporating dichotomous and open-ended questions via telephone. The following items were assessed: age, gender, tongue-tie severity, indication for lingual frenulum release, local or general anesthesia, duration of time to follow-up, benefits, and complications. Severity of pain and complications were graded on a 10-point visual analog scale. Changes to the overall health-related quality of life and overall satisfaction were assessed using a 5-point Likert scale. For prepubertal children, the survey was completed by the parents. Continuous variables are summarized as mean (M) AE standard deviation (SD). Categorical variables are summarized as frequencies and percentages AE standard error (SE), where applicable.
RESULTS
There were 348 surveys completed among 420 consecutive patients who were contacted (83% response rate). Subjects include 110 children (ages 2-11), 35 adolescents (age 12-17), 69 young adults (age 18-35), 120 adults (age 36-64), and 14 seniors (age ≥65). Gender distribution was 52.0% female. There were 63 children treated under general anesthesia; all other cases were performed under local anesthesia. The average duration of time from treatment date to follow-up was 4.3 AE 3 months, ranging from 2 to 20 months. Tongue-tie severity (grades four through one, most to least severe, using the functional classification of ankyloglossia based on the tongue range of motion ratio 3 ) were graded as follows: 20.7% grade 4, 61.2% grade 3, 13.3% grade 2 with a posterior restriction, 4.7% grade 1 with a posterior restriction ( Fig. 1 ). Compensation patterns (floor of mouth elevation and muscular neck engagement to compensate for restrictive tongue mobility) that would affect the grading of Laryngoscope Investigative Otolaryngology 4: October 2019
Zaghi et al.: Lingual Frenuloplasty With Myofunctional Therapy tongue mobility were present and identified in 36.1% of cases (Fig. 2 ). There were 11.7% (n = 41) of patients who had a prior frenectomy elsewhere with persistent restrictions to tongue mobility (Fig. 3) .
Benefits
There was an overall satisfaction rate of 91.1% (including 71.8% "very satisfied" and 19.3% "somewhat satisfied"), whereas 6.0% were neutral and 2.9% of patients reported dissatisfaction with the treatment protocol (Table I) . Improvement to health-related quality of life was reported by 87.4% (Table II) . Benefits reported by the patients included improvement to tongue mobility (96.5 AE 1.0%); clenching or grinding of teeth (91.0 AE 4.3%); ability to perform myofunctional therapy exercises (89.8 AE 1.6%); ease of swallow (80.3 AE 3.5%); sleep quality (79.6 AE 2.6%); nasal breathing (78.4 AE 2.8%); neck, shoulder, facial tension, or pain (77.5 AE 3.4%); and snoring (72.9 AE 3.4%) (Table III) .
Complications
There were 45.1% of patients who reported experiencing postoperative pain; average duration of pain was 3.3 AE 2.6 days with severity rating of 6.5 AE 1.9 (VAS: 0-10, mean AE SD). Severity of pain was most highly associated with depth of the surgical dissection and extent to which restrictions of the genioglossus muscle were released. Other factors associated with pain severity include: low tongue tone, less than ideal preoperative myofunctional therapy compliance, prior myofascial pain syndromes, and patient declining to take postoperative pain medications.
Minor surgical site bleeding was reported by 12.6% of patients; most bleeding resolved within the first 3 hours, however there were 2.0% of patients that reported bleeding that lasted between 24 and 48 hours. Numbness of the tongue-tip was reported by 4.9% of patients; numbness resolved in 47.1% of cases within 2 weeks, 70% within 2 months, and 99.7% within 6 months. One patient reported tongue numbness beyond 1 year. Salivary gland issues were reported by 3.4% of patients; common issues included inflammation and swelling of the submandibular gland ducts, increased salivation, and jetting of saliva when lifting the tongue or eating. Most of these issues selfresolved within 1-2 weeks. There were 3.2% of patients who had worsened mobility after the lingual frenuloplasty who proceeded with a revision procedure to excise restrictive scar tissue; in addition, there were an additional 3.4% The image on the right shows 50%-80% mobility (grade 2), however, the patient exerts extensive strain from the floor of mouth and muscular neck to compensate for the restricted tongue mobility. of patients who experienced some initial improvement with a first procedure but then elected to proceed with a second-stage frenuloplasty to further improve tongue mobility. There were three patients who had a third-stage frenuloplasty; in these cases, the wound was left open to healing by secondary intention with good resolution as there was concern these patients may have had inflammation sensitivities to the suture material used for primary intention closure (Table IV) .
Two patients reported worsened health symptoms after the procedure (0.6%) that were not associated with scar or wound healing issues; one of these patients was a patient with a narrow posterior airway space for whom measures of sleep-disordered breathing exacerbated after the procedure (Fig. 4) . The other was a patient with narrow maxillary width and dental crowding treated for indication of mouth breathing who developed improved tongue resting posture and nasal breathing but reported pain from biting and clenching on the sides of the tongue with severe tongue scalloping due to insufficient tongue space. These patients were directed to maxillary and mandibular skeletal expansion as the next steps in their treatment.
DISCUSSION
Myofunctional therapy was first described in the medical literature by Alfred Paul Rogers in 1918 as an adjunct to orthodontic treatment to improve mandibular growth, nasal breathing, and facial appearance. 15 The foundational concepts he introduced regarding the importance of tongue-to-palate oral resting posture and nasal breathing for maxillofacial development were largely overlooked at that time despite a restatement of the myofunctional concept to the orthodontic community in 1950. 16 Dr. John Mew, an English orthodontist, is credited for popularizing the Tropic Premise, [17] [18] [19] with the basic concept that the development of facial and dental structures is strongly influenced by the posture and function of the associated soft tissues (i.e., lips, tongue, orofacial, and mastication muscles) 18, 20 and fortified by continuous nasal breathing. [21] [22] [23] [24] Techniques for reeducation of the orofacial muscles were published in French in the 1990s. 25 Even so, many thought leaders were slow to adopt these principles citing a lack of randomized control trials 26 and high-level evidence-based research. 27 Renewed interest for myofunctional therapy was garnered with a series of randomized control trials [28] [29] [30] and cohort studies investigating the role of oropharyngeal exercises, speech therapy, myofascial reeducation, 31 and oronasal rehabilitation 32 for adults and children with sleep-disordered breathing. Furthermore, a more recent series of meta-analysis, 12, 13 review articles, 33 books, [34] [35] [36] commentaries, 24, 37 and position statements 38 have catapulted myofunctional therapy to the forefront of the attention within dental and medical communities, albeit not without criticism. In this setting, there is increased attention to ankyloglossia as a limiting factor for achieving one of the basic goals of myofunctional therapy: restoration or habituation of tongue posture to the roof of the mouth at rest (a.k.a., tongue-to-palate contact, lingual palatal suction). Restrictive lingual frenulum has been identified as a phenotype of obstructive sleep apnea in children 39, 40 and adults, 41 and recent studies on the assessment of functional ankyloglossia have been instrumental in identifying a larger population of patients with restricted tongue mobility. 3 A growing number of patients and providers are seeking peer-reviewed evidence-based information for the treatment of ankyloglossia; however, few investigators are publishing articles on this topic. 42 Most articles that are published on this topic consist of limited case reports and case series 43, 44 ; larger cohort studies are available on frenectomy techniques for infants as it relates to breastfeeding 45 ; however, there is still limited research relating to treatment of ankyloglossia among children, 46 adolescents, 47 and adults. 9, 48 In this manuscript, we provide safety, efficacy, complication, and satisfaction results for the largest cohort of patients treated with lingual frenuloplasty and myofunctional therapy to date. The benefits attributed to improved oral function, breathing, and release of neck tension are explained by resolution of oromyofascial dysfunction with potential mechanisms of action explored in a recent systematic review. 33 The multidisciplinary treatment protocol combining frenuloplasty with myofunctional therapy as described herein was inspired and adapted from prior works. 43, 44, 46, 49 However, this cohort study is unique as all patients were required to demonstrate compliance to myofunctional therapy for at least 1 month prior and 2 months after surgical treatment. Moreover, the technique described in this manuscript involves a scissors and suture technique (without the use of laser or cautery) that released mucosal elements of the lingual frenulum but also included release of submucosal fascial and genioglossus myofascial fibers if necessary to optimize tongue mobility. 50 Whereas many patients reported that the treatment protocol was "life-changing" with often dramatic patient testimonials available online, not all patients experienced similar outcomes. Indeed, many patients did not respond to treatment, and some expressed earnest dissatisfaction. Moreover, it should be emphasized that testimonials are not a scientific result and that long-term studies with objective findings are necessary to corroborate the findings of this preliminary report.
Study Limitations
This is a consecutive cohort study of a large number of patients treated by means of a specific surgical technique by a single surgeon. As with any highly skilled work, the outcome of the work is dependent largely upon the individual skill of provider, and as such, there may be limited external generalizability across techniques and providers. The study was done retrospectively. There is no control group. The patient surveys were not validated. In some cases, significant time had passed between the procedure and the survey with the risk of recall error/bias, response bias, and unintentional acquiescence bias. Fig. 4 . Use of computed tomography imaging to assess for tongue space in the assessment of candidates for lingual frenuloplasty. The midline sagittal image reconstruction of the CT scan is used to assess the available space for the tongue in the oral cavity. Note that despite both patients having similarly restricted amount of posterior airway space, the patient on left has no space between the tongue and the palate (poor candidate), while the patient on the right has a significant amount of space between the tongue and the palate (better candidate). Lingual frenuloplasty and myofunctional therapy are considered to be less effective in patients without adequate oral volume for tongue space. Such patients may be better suited to dental orthopedic remodeling (orthodontics and/or orthognathic surgery for expansion and advancement of the skeletal framework) to increase the tongue space in addition or prior to treatment with lingual frenuloplasty.
CONCLUSION
Lingual frenuloplasty with myofunctional therapy protocol as described in this manuscript is a safe and potentially effective treatment for mouth breathing, snoring, clenching, and myofascial tension in appropriately selected patient candidates. Further research will help to better identify the most optimal candidates for this treatment.
